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Abstract. We propose a novel scheme to probabilistically teleport an unknown
two-level quantum state when the information of the partially entangled state is
only available for the sender. This is in contrast with the fact that the receiver
must know the non-maximally entangled state in previous typical schemes for the
teleportation. Additionally, we illustrate two potential applications of the novel scheme
for probabilistic teleportation from a sender to a receiver with the help of an assistant,
who plays distinct roles under different communication conditions, and our results
show that the novel proposal could improve the security and enlarge the applied range
of probabilistic teleportation.
PACS numbers: 03.67.Hk, 03.67.-a, 03.65.-w
1. Introduction
Quantum teleportation is the process that transmits quantum states from a sender to
a remote receiver via a quantum channel with the help of some classical information.
It was first proposed by Bennett et al.[1] in 1993, and experimentally demonstrated by
Bouwmeester et al.[2] in 1997. Since then, the development of quantum teleportation
has gone through twenty years, and some theoretical and experimental progresses[3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16] have been made in this domain.
For the sake of that quantum teleportation could be applied to quantum
computation and quantum information[17], a growing number of works have appeared
in the teleportation recently. Li et al.[5] proposed a scheme of probabilistic teleportation
to transmit an unknown single-qubit using a non-maximally entangled state when the
receiver introduced an auxiliary particle. Dai et al.[8, 9] presented two protocols for
probabilistically teleporting an arbitrary two-particle state from a sender to either one
of two receivers via two partially entangled W states and by the combination of a non-
maximally entangled GHZ state and an entangled W state, respectively. Meanwhile,
some authors have generalized these methods to the case of the higher-dimensional
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quantum state[18, 19, 20, 21]. In Ref. [21], a protocol for the teleportation of arbitrary
quantum states of four-dimensional qudits is presented. Nevertheless, there are also
many important and open subjects to be taken into account for quantum teleportation.
In most schemes about probabilistic teleportation of quantum states using a
partially entangled state as a quantum channel, the receiver Bob not only must introduce
an auxiliary particle and make a corresponding unitary transformation to reconstruct
the original quantum state, but also needs to fully know the information of the non-
maximally entangled state. Evidently, the previous schemes are not valid on condition
that only the sender Alice has total knowledge of the partially entangled state. In order
to overcome this drawback, we proposed a novel protocol to probabilistically teleport
an unknown quantum state to the receiver Bob when the information of the partially
entangled state is only available for the sender Alice, i.e., the receiver Bob does not know
the information of the non-maximally entangled state completely. Then a comparison
has been made between our present protocol and the former ones.
Furthermore, we illustrate two concrete applications of our scheme for probabilistic
teleportation of an unknown two-level quantum state from the sender Alice to the
receiver Bob with the aid of the assistant Charlie under different communication
conditions. Assuming that the sender Alice wants to teleport an unknown two-level
quantum state to the receiver Bob with a restriction that there is no quantum channel
between the sender Alice and the receiver Bob. Fortunately, the assistant Charlie has
two quantum channels with the sender Alice and the receiver Bob, respectively. Thus
the sender Alice and the receiver Bob could accomplish the teleportation task in spite of
the fact that the two quantum channels are only available for the assistant Charlie, who
plays a leading role in the whole probabilistic teleportaton from the sender Alice to the
receiver Bob. On the other hand, when only the sender Alice and the receiver Bob know
the two quantum channels, and the assistant Charlie just plays a role of repeater between
the sender Alice and the receiver Bob, the teleportation task is still realizable according
to our scheme. Hence the roles of the assistant Charlie under different communication
conditions are quite distinct. It should be emphasized that the novel proposal is essential
to perform the teleportation processes under different communication conditions, and
this proposal could improve the security of the teleportation processes and broaden the
applied range of probabilistic teleportation.
The rest of this paper are organized as follows: A previous typical scheme
of probabilistic teleportation is stated in Section 2, and the correlative unitary
transformations for the receiver are given in detail. In Section 3, we propose a novel
scheme for probabilistically transmitting an unknown quantum state via generalized
measurements when the information of the partially entangled state is only available
for the sender. The concrete implementation processes of this scheme are elaborated.
Moreover, the main differences of our proposal from the former ones are presented in
this section. Two concrete applications of the new scheme are given to indicate the
advantage of our proposal in Section 4. The paper concludes with Section 5.
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2. A typical scheme of probabilistic teleportation
Let us begin with a brief statement of probabilistic teleportation[5] using a partially
entangled state. Suppose that the sender Alice wants to transmit the following unknown
quantum state to the receiver Bob separated spatially
|ψ1〉 = α|01〉+ β|11〉 (1)
where α is real and β is a complex number, and |α|2 + |β|2 = 1. Without loss of
generality, the entanglement channel is composed of a partially entangled two-particle
state below
|ψ23〉 = a|0203〉+ b|1213〉 (2)
where the real coefficient a and the complex one b satisfy |a|2+|b|2 = 1, and |a| ≥ |b| > 0.
Particle 2 belongs to the sender Alice, while particle 3 belongs to the receiver Bob.
Therefore, the state of the whole system composed of particles 1, 2 and 3 is given by
|ψtotal〉 = |ψ1〉 ⊗ |ψ23〉
= αa|010203〉+ αb|011213〉+ βa|110203〉+ βb|111213〉 (3)
In order to realize the teleportation, Alice needs to perform the following Bell-state
measurements on particles 1 and 2.
|φ±12〉 =
1√
2
(|0102〉 ± |1112〉) (4)
|Ψ±12〉 =
1√
2
(|0112〉 ± |1102〉) (5)
Then the total state will collapse into one of the four kinds of outcomes below
〈φ±12|ψtotal〉 =
1√
2
(αa|03〉 ± βb|13〉) (6)
〈Ψ±12|ψtotal〉 =
1√
2
(αb|13〉 ± βa|03〉) (7)
After the Bell-state measurements, Alice informs Bob of her measurement results
via a classical channel. For the purpose of obtaining the original state shown in Eq. (1),
Bob needs to introduce an auxiliary particle m with an initial state |0m〉, and performs
a conditional unitary transformation UF on particles 3 and m, which depends on the
Bell-state measurement results. Table 1 shows the results after the measurements on
particles 1, 2 and the unitary transformation on particles 3 and m.
The unitary transformations U iF (i = 0, 1, 2, 3) in Table 1 are described as
U0F =
(
A(a, b) 0
0 σz
)
U1F =
(
A(a, b) 0
0 −σz
)
U2F =
(
0 σz
A(a, b) 0
)
U3F =
(
0 −σz
A(a, b) 0
) (8)
where 0 is the 2 × 2 zero matrix, σz is known as one of pauli matrixes, and A(a, b) is
the 2× 2 matrix relative to the parameters a and b of Eq. (2). σz and A(a, b) could be
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Table 1. The Bell-state measurement results(BMRs) and the transformation UF
BMRs on Results after the transformation UF
particles 1, 2
UF
States of particle m States of particle 3 Probabilities
|0m〉 α|03〉+ β|13〉 |b|22|φ+12〉 U0F |1m〉 |03〉 |α|22 (1− 2|b|2)
|0m〉 α|03〉+ β|13〉 |b|22|φ−12〉 U1F |1m〉 |03〉 |α|22 (1− 2|b|2)
|0m〉 α|03〉+ β|13〉 |b|22|Ψ+12〉 U2F |1m〉 |13〉 |β|22 (1− 2|b|2)
|0m〉 α|03〉+ β|13〉 |b|22|Ψ−12〉 U3F |1m〉 |13〉 |β|22 (1− 2|b|2)
expressed as
σz =
(
1 0
0 −1
)
A(a, b) =


b
a
√
1− |b|2|a|2√
1− |b|2|a|2 − ba

 (9)
Subsequently, Bob measures the sate of particle m. If the result is |1m〉, quantum
teleportation fails. Otherwise, when the result is |0m〉, the teleportation will be realized
with the successful probability of |b|
2
2
. It is demonstrated that quantum teleportation
is successfully obtained with the equal probability under the four kinds of Bell-state
measurement results[5], hence the whole successful probability of quantum teleportation
is 2|b|2. If |a| = |b| = 1√
2
, i.e., the quantum channel is composed of a maximally entangled
state, the total probability is equal to one.
3. The teleportation when only the sender knows the entangled state
We would like to point out that the receiver Bob must know the parameters a and
b shown in Eq. (2) of the partially entangled state to perform the relevant unitary
transformation UF on particles 3 and m in the previous typical schemes[5, 8, 9]. It is
revealed that one can not make use of this scheme to realize probabilistic teleportation
in the situation that only the sender Alice has full knowledge of the non-maximally
entangled state in the teleportation processes. Based on this observation, we propose a
novel scheme to transmit an unknown state, whether the receiver knows the partially
entangled state or not. Moreover, the detailed processes of our proposal are elaborated
in this section.
Based on Eq. (3), the whole system could be expressed as follows
|ψtotal〉 = 1
2
(a|0102〉+ b|1112〉)(α|03〉+ β|13〉)
+
1
2
(a|0102〉 − b|1112〉)(α|03〉 − β|13〉)
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Table 2. The generalized measurement results(GMRs) and the transformation UG
States of particle 3
Measurement operators Probabilities
after the GMRs
UG
M0
|b|2
2
α|03〉+ β|13〉 I
M1
|b|2
2
α|03〉 − β|13〉 σz
M2
|b|2
2
α|13〉+ β|03〉 σx
M3
|b|2
2
α|13〉 − β|03〉 iσy
M4 1− 2|b|2 |0〉3 −−
+
1
2
(b|0112〉+ a|1102〉)(α|13〉+ β|03〉)
+
1
2
(b|0112〉 − a|1102〉)(α|13〉 − β|03〉) (10)
Actually, our scheme needs to take advantage of a generalized measurement[17, 22]
with the five measurement operators Mi(i = 0, 1, 2, 3, 4).
M0 =
1√
2|a|(a|0102〉+ b|1112〉)(b〈0102|+ a〈1112|)
M1 =
1√
2|a|(a|0102〉 − b|1112〉)(b〈0102| − a〈1112|)
M2 =
1√
2|a|(b|0112〉+ a|1102〉)(a〈0112|+ b〈1102|)
M3 =
1√
2|a|(b|0112〉 − a|1102〉)(a〈0112| − b〈1102|)
M4 =
√√√√1− |b|2|a|2 (|0102〉〈0102|+ |1102〉〈1102|) (11)
It is underlined that the aforementioned operators satisfy the completeness relation∑
4
i=0M
†
iMi = I. Afterwards, Alice performs the generalized measurements on particles
1 and 2, and informs Bob of the measurement results with the help of some classical
information. In order to reconstruct the original state, Bob performs a relevant unitary
transformation UG on particles 3. Table 2 shows the results after the generalized
measurements on particles 1, 2 and the unitary transformation UG on particle 3. Besides,
the total successful probability of quantum teleportation is also equal to 2|b|2. When
the quantum channel is composed of a maximally entangled state, the total successful
probability equals one.
In reality, projective measurements together with unitary operations are sufficient
to implement a generalized measurements with the aid of the introduction of auxiliary
particles[17]. The concrete implementation procedures of this new scheme are presented
as follows:
Step 1 : Alice introduces an auxiliary particle m with an initial state |0m〉, then
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the system could be written as
|ψ012m3〉 = |ψ12〉 ⊗ |0m〉 ⊗ |ψ3〉
= αa|01020m03〉+ αb|01120m13〉
+ βa|11020m03〉+ βb|11120m13〉 (12)
Step 2 : On particles 1, 2 and m, Alice performs an unitary transformation US,
which takes the form of the following 8× 8 matrix
US =
(
U0F 0
0 U0F
)
(13)
where 0 is the 4× 4 zero matrix, and U0F is given by Eq. (8). Then we can express the
system as
|ψ112m3〉 = (US|ψ012m〉)⊗ |ψ03〉
=
b√
2
· 1√
2
(|0102〉+ |1112〉)⊗ |0m〉 ⊗ (α|03〉+ β|13〉)
+
b√
2
· 1√
2
(|0102〉 − |1112〉)⊗ |0m〉 ⊗ (α|03〉 − β|13〉)
+
b√
2
· 1√
2
(|0112〉+ |1102〉)⊗ |0m〉 ⊗ (α|13〉+ β|03〉)
+
b√
2
· 1√
2
(|0112〉 − |1102〉)⊗ |0m〉 ⊗ (α|13〉 − β|03〉)
+ a
√√√√1− |b|2|a|2 (α|0102〉+ β|1102〉)⊗ |1m〉 ⊗ |03〉 (14)
Step 3 : Alice measures the state of this auxiliary particle m, and performs the
Bell-state measurements on particles 1 and 2. Subsequently, Alice informs Bob of
her measurement results using a classical channel. It should be emphasized that the
teleportation could be realized successfully when the state of particle m is |0m〉 with the
probability of 2|b|2, otherwise it fails.
Step 4 : Based on these measurement results, Bob only needs to perform a relevant
unitary transformation UT on particle 3 to obtain the original state. Table 3 indicates
how to select the unitary transformation for particle 3 based on Alice’s measurements
results.
Remarks : According to the aforementioned analyses, we would like to point out
that:
(i) It should be underlined that one can use our scheme to carry out probabilistic
teleportation when only the sender Alice fully knows the partially entangled state.
This is different from the former typical one that the receiver Bob must have
complete information of the entangled state.
(ii) Compared with the previous scheme[5] for probabilistic teleportation, the sender
Alice in our current proposal needs an auxiliary particle, while one additional
particle must be introduced by the receiver Bob in the former proposal.
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Table 3. The unitary transformation UT based on Alice’s measurements results
Measurement results
States of particle m States of particles 1, 2
Probabilities UT
|φ+12〉 |b|
2
2
I
|φ−12〉 |b|
2
2
σz|0m〉 |Ψ+12〉 |b|
2
2
σx
|Ψ−12〉 |b|
2
2
iσy
|1m〉 −− 1− 2|b|2 −−
(iii) The cost of an entangled state is necessary for both the previous typical scheme and
our new scheme. In addition, classical communication is also essential to realize
probabilistic teleportation.
(iv) The total successful probability for the teleportation of our presnet scheme is the
same as the former one, and equals to 2|b|2, and the successful probability would
be equal to one when the quantum channel is composed of a maximally entangled
state.
4. Two potential applications of the novel scheme
To illustrate that our proposal could be used to improve the security and extend the
applied range of quantum teleportation, we will present two concrete applications of our
scheme for probabilistically transmitting an unknown quantum state with the help of
an assistant under different communication conditions.
Supposing that the sender Alice wants to transmit an unknown quantum state given
by Eq. (1) to the receiver Bob, and there is no quantum channel between the sender
Alice and the receiver Bob. Fortunately, the assistant Charlie has two quantum channels
with the sender Alice and the receiver Bob, respectively. Without loss of generality, the
two entanglement channels are expressed as follows
|ψAC1〉 = c|0A0C1〉+ d|1A1C1〉 (15)
|ψC2B〉 = e|0C20B〉+ f |1C21B〉 (16)
where the real coefficients c, e and the complex ones d, f satisfy |c|2 + |d|2 = 1
(|c| ≥ |d| > 0) and |e|2 + |f |2 = 1 (|e| ≥ |f | > 0). Particle A belongs to the sender
Alice, and particle B belongs to the receiver Bob, while particles C1 and C2 belong
to the assistant Charlie. As a matter of fact, the implementation processes of this
total probabilistic teleportation task from the sender Alice to the receiver Bob could be
reduced to two parties: at first Alice could teleport the original state to Charlie, and
then Charlie transmits this state to Bob. Based on the two different communication
conditions, we will take advantage of our proposal to realize the total probabilistic
teleportation with the help of the assistant.
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Figure 1. A sketch of the whole probabilistic teleportaton processes on the condition
that the two partially entangled states |ψAC1〉 and |ψC2B〉 are only available for the
assistant Charlie. Particle A belongs to the sender Alice, and particle B belongs to
the receiver Bob, while particles C1 and C2 belong to the assistant Charlie. The state
|ψ1〉 of particle 1 is unknown. First, Alice uses the typical scheme to probabilistically
transmit the original state to Charlie, who must introduce an auxiliary particles m1.
Subsequently, Charlie should introduce an auxiliary particles m2 and utilize our novel
proposal for probabilistically teleporting this state to Bob. C.C. represents classical
communication.
4.1. When only Charlie knows the two partially entangled states |ψAC1〉 and |ψC2B〉
If only the assistant Charlie has full information about the two non-maximally entangled
states |ψAC1〉 and |ψC2B〉, the following concrete parts reveal that the assistant plays a
leading role in the whole probabilistic teleportaton from the sender Alice to the receiver
Bob. Figure 1 shows the schematic diagram of the total probabilistic teleportaton on the
condition that the two partially entangled states |ψAC1〉 and |ψC2B〉 are only available
for the assistant Charlie.
Part 1 : Alice makes use of the typical scheme to probabilistically transmit the
unknown quantum state to Charlie, who could be treated as the receiver in this part.
To our knowledge, Charlie knows the non-maximally entangled state |ψAC1〉, therefore
the typical scheme is valid. According to Section 2, we can get that the teleportation
from Alice to Charlie would be realized with the successful probability of 2|d|2. If this
teleportation is successful, the original quantum state shown in Eq. (1) is reconstructed
on particle C1.
Part 2 : Charlie utilizes our novel proposal for probabilistically teleporting the
state of particle C1 to Bob. It should be pointed out that the receiver Bob has no
knowledge about the non-maximally state |ψC2B〉, hence the previous typical scheme can
not be applied in this situation, and one can adopt the novel proposal for probabilistic
teleportation from Charlie to Bob. Section 3 indicates that the state of particle C1
should be reconstructed on particle B with the successful probability of 2|f |2.
In the total probabilistic teleportation processes, the sender Alice and the receiver
Bob accomplish the teleportation task with the successful probability of 4|df |2 in spite of
the fact that only the assistant Charlie completely knows the partially entangled states
|ψAC1〉 and |ψC2B〉. Besides, both of the sender Alice and the receiver Bob do not know
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Figure 2. A sketch of the whole probabilistic teleportaton processes when only
the sender Alice knows the partially entangled state |ψAC1〉, and only the receiver
Bob knows the partially entangled state |ψBC2〉, but the assistant Charlie does not
have any information about the two partially entangled states. First, Alice needs to
introduce an auxiliary particles m1 and utilize our novel scheme to probabilistically
transmit the original state to Charlie. Then Charlie would use the typical proposal
for probabilistically teleporting this state to Bob, who should introduce an auxiliary
particles m2.
whether the total probabilistic teleportation successes or not, and only the assistant
Charlie knows the answer to this question, thus the security of the total probabilistic
teleportation could be enhanced.
4.2. When only Alice knows the partially entangled state |ψAC1〉, and only Bob knows
the partially entangled state |ψBC2〉
In this subsection, we will explore the teleportation problem when the assistant
Charlie does not have any information about the two partially entangled states |ψAC1〉
and |ψC2B〉, and propose another potential application of the novel scheme. In this
application, the assistant Charlie plays a role of a passive repeater between the sender
Alice and the receiver Bob in the whole probabilistic teleportaton. Figure 2 shows
the schematic diagram of the total probabilistic teleportaton when only Alice knows
the partially entangled state |ψAC1〉, and only Bob knows the partially entangled state
|ψBC2〉.
Part 1 : Alice takes advantage of our scheme to probabilistically transmit the
unknown quantum state to Charlie. It should be emphasized that the assistant Charlie,
as the receiver in this part, does not know the non-maximally state |ψAC1〉, and the
novel proposal is the only choice for probabilistic teleportation from Alice to Charlie.
Besides, the original state is reconstructed on particle C1 with the successful probability
of 2|d|2.
Part 2 : Charlie uses the typical proposal for probabilistically teleporting the state
of particle C1 to Bob. As a result of that the partially entangled state |ψC2B〉 is available
for Bob, the typical scheme is useful, and the probabilistic teleportation from Charlie
to Bob would be performed with the successful probability of 2|f |2.
Even though the assistant Charlie does not have information of the two quantum
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channels, the teleportation task is still carried out with the successful probability of
4|df |2. Meanwhile, the assistant Charlie merely plays a role of repeater between the
sender and the receiver, and thus the assistant should be irresponsible for the safety of
the teleportation task.
Remarks : According to the aforementioned analyses, we would like to present
that:
(i) Actually, more physical manipulation should be performed by the assistant Charlie
than the sender Alice and the receiver Bob in the first application, and the assistant
Charlie plays a major role. However, the assistant Charlie is just regarded as the
communication port during the whole probabilistic teleportation between the sender
Alice and the receiver Bob in the second application. Thus the roles of the assistant
Charlie under different communication conditions are quite distinct.
(ii) The novel scheme could improve the security of the total teleportation processes
from the sender Alice to the receiver Bob, whether the assistant Charlie knows the
partially entangled states or not.
(iii) Although the above two applications are aimed at the different communication
conditions, respectively, each of the two applications would not be realized
successfully without our proposal, therefore the new scheme could enlarge the
applied range of probabilistic teleportation.
(iv) The total successful probabilities for the total teleportation under different
communication conditions are equals to 4|df |2, and the successful probabilities
would be equal to one when each of the two quantum channels is composed of
a maximally entangled state.
5. Conclusion
In summary, we would like to underline that previous typical schemes are not feasible
unless the receiver completely knows the partially entangled state. To overcome this
shortage of the former one, we propose a novel scheme for probabilistically teleporting
an unknown quantum state via generalized measurements when only the sender has
knowledge of the non-maximally entangled channel. The detailed realization procedures
of this scheme are also elaborated. Furthermore, a comparison has been made between
our protocol and the former ones in terms of the applied conditions, the successful
probability of probabilistic teleportation and so on. Moreover, we present two concrete
applications of our scheme for probabilistic teleportation of an unknown quantum state
from the sender to the receiver with the aid of the assistant based on the different
communication conditions, and the applications suggest that the novel proposal should
be used to improve the security of the teleportation processes and extend the applied
range of probabilistic teleportation.
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